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Pathogens and Potable Reuse 
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DDW Perspective on Risks 

SOURCE  QUALITY 

Pathogen Contamination 

Chemical 
Contamination 

Extremely Impaired 

Impaired DPR 

Courtesy of Bob Hultquist (DDW consultant) 



A Closer Look…at Chemicals 
•  Industry tends to focus on chemicals 
•  Modern analytical equipment is amazing!!! 
•  A number of questions arise: 

–  If we can detect it, does it mean it’s dangerous? 
–  What should we look for? What levels are safe? 

•  Numerous groups of experts help out 
–  NWRI Expert Panel for WateReuse 11-02 
–  Define set of chemical criteria to  

 protect public health  



Public Health Criteria for DPR 
•  WRRF 11-02: Includes pathogen and toxic chemical 

criteria (including CECs) 
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RELIABILITY 

This depth of treatment is called REDUNDANCY 
 



The Chemical Universe… 

Large molecules (low MW) 

Small molecules (low MW) 
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…is highly diverse!!! 
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RELIABILITY 

This breadth of treatment is called ROBUSTNESS 
 

Carbamazepine 17β-Estradiol NDMA 1,4-dioxane 



Is robustness needed? 



Is robustness needed? 
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YES!!! 

Robustness provides excellent chemical protection 
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Failure Prevention 

Reliability 
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Redundancy 
 



Pecson et al. “Achieving Reliability in Potable Reuse: the Four Rs” 
– J. AWWA, March 2015 
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HISTORICAL LOOK AT CECS 
IN POTABLE REUSE 
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The attenuation of a diverse suite of contaminants of emerging concern (CECs) and bulk water quality changes
was evaluated at a surface-spreading aquifer recharge operation across a detailed subsurface profile (9
locations), representing both short- and long-travel times (10 h to 60 days). Seventeen CECs were detected in
the recharge basin and the concentrations of all were reduced during soil aquifer treatment (SAT), with 11 of
the target compounds attenuated by N80% after 60 days of travel time. Select CECs (atenolol, gemfibrozil, N,N-
diethly-3-methylbenzamide, meprobamate, tris(2-chloroethyl)phosphate, and primidone) and bulk water
organic-carbon measurements (total organic carbon, biodegradable organic carbon, size-exclusion chroma-
tography and fluorescence excitation–emission matrices) were identified as monitoring parameters that can
be used to assess SAT performance at surface-spreading operations.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The increasing scarcity of water supplies has led to the utilization
of reclaimed water, i.e. treated wastewater, in a variety of reuse
applications. For example, planned potable reuse, a process through
which reclaimed water is eventually incorporated into drinking water
supplies, is increasing as a resource for diverse water portfolios.
Reclaimed water is an attractive resource because it is not subject to
climatic variations and because it is produced in the growing urban
areas clamoring for freshwater reserves. However, reclaimed water
contains unregulated contaminants of emerging concern (CECs),
which include pharmaceuticals, household chemicals, personal care
products, disinfection byproducts, insecticides, and suspected endo-
crine disruptors. Though many of these CECs are present at very low
levels (ng/L), potential health concerns have given rise to numerous
scientific investigations regarding the occurrence, concentration,
transport, degradation, and aquatic fate (Ternes, 1998; Kolpin et al.,
2004; Focazio et al., 2008; La Farré et al., 2008; Benotti et al., 2009;
Mompleat et al., 2009; Wells et al., 2009).

Managed aquifer recharge (MAR) encompasses several physical
processes used to replenish and augment groundwater resources and
is often an integral part of planned potable reuse (Asano et al., 2007).
MAR can include direct injection in the subsurface or infiltration via
surface-spreading basins. The process of surface spreading has the

added benefit of additional constituent removal and transformation in
the basin and during percolation (referred to as soil aquifer treatment
or SAT). Treatment in the basin is provided passively by volatilization
and photodecomposition and during SAT from physical filtration,
adsorption to soil particles, microbial biotransformation, and dilution
with native groundwater. This type of natural attenuation is an
attractive option because it requires minimal energy and chemical
inputs and does not create a waste stream, in contrast to processes
like membrane treatment.

Surface spreading using recharge basins is one of the most
common and oldest methods for groundwater recharge (Todd,
1980). However, there is still concern of fate and transport of
unregulated CECs during SAT. Several earlier studies have character-
ized the transformation and removal of some CECs during SAT for
travel times ranging from ~1 day to 8 years (Drewes et al., 2003a,b;
Montgomery-Brown et al., 2003; Mansell and Drewes, 2004; Snyder
et al., 2004; Grünheid et al., 2005; Amy and Drewes, 2007; Massmann
et al., 2006). However, due to limited well installations, few field
studies have extensively examined the subsurface profile of CECs for
travel times less than 3 days.

In this study the fate and transport of a suite of 26 CECs and bulk
organic matter during a surface-spreading aquifer recharge operation,
located in the Montebello Forebay, Los Angeles County, California,
were assessed. This systematic study was carried out at a well-
equipped surface-spreading recharge basin treating reclaimed water.
Synoptic sampling was performed for both short (10 h to 3 days) and
longer travel times (~60 days). Individual CECs were identified along
with bulk water quality parameters that could be used to indicate the
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History Lessons 
•  CECs an issue for all forms of reuse 
•  Robustness is the key to CEC control 
•  Multiple reuse options provide robust 

protection against CECs 
•  We should develop as many options as 

possible in toolbox to use 



CURRENT RESEARCH IN 
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Improving Robustness and 
CEC Control 

•  Two examples: 
– WRRF 12-12 Enhancing the Soil Aquifer 

Treatment Process for Potable Reuse 

– WRRF 14-12 Demonstrating Redundancy and 
Monitoring to Achieve Reliable Potable Reuse 
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What does ozone do to TOC? 

45 

•  Outstanding disinfectant
•  Transforms bulk organic matter, making it more amenable to 

biological oxidation
•  Effective at oxidizing a range of trace organic chemicals
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Emission Wavelength, Plot Range: 300 to 550 nm 47



CEC Attenuation
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Enhancing SAT Robustness
•  Ozone should be considered to enhance 

“Nature”
•  Remove more trace organics
•  Remove more TOC through the SAT process 

allows more potable reuse with less blending
•  Cost effective for advanced treatment

Ozone Sodium 
Hypochlorite 

Applied dose, 
mg/L 

10 10 

Cost, $/AF 28 23 
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What Else Does the AWPF Concept Consider? 
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WateReuse Research Project 14-12 
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 Title: Demonstrating Redundancy and Monitoring 

to Achieve Reliable Potable Reuse



Project Goal 
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To leverage industry “state of the art” to demonstrate 
how a combination of treatment redundancy and 

enhanced monitoring techniques can reliably achieve 
potable reuse treatment objectives  



Robustness: Incorporating more strength 
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What does ozone do to TOC? 
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Oxidation Byproducts Are Yummy! 
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EfOM Transformation by Fluorescence 
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•  RO concentrate shows less fluorescence than the feed 
water (tertiary effluent) and contains 40% less TOC 

(a)      Without ozone/BAC pretreatment 
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(b)       With ozone/BAC pretreatment 
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NDMA Formation and Removal 
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CHALLENGE TESTS 
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Chemical Challenge Test 

Testing at Demonstration Facility on September 18, 2015 



NWRI Expert Panel Meeting 
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Conclusions 
•  On-going research looking at CEC control for 

many forms of potable reuse 
•  History has shown importance of robustness 
•  Including more robustness into potable reuse 

trains has great potential: 
–  Increase quality and capacity of SAT 
– Allows move to new, more direct forms of reuse 
– Get ahead of next CEC of concern 



Research Needs 

•  Resilience – how to respond to failures in 
CEC protection 

•  Surrogates for UV/AOP performance 
– Chloramine destruction 
– UVA destruction 



QUESTIONS? 
82 


